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䜑䛻䚸CVD䠄chemical vapor deposition䠅ἲ䛚䜘䜃ALD䠄atomic layer deposition䠅ἲ䜢⏝䛔䛯Mn㓟໬≀䛛䜙䛺䜛Cuᣑᩓ
䝞䝸䜰ᒙ䛾ᙧᡂ᪉ἲ䜢☜❧䛩䜛䛣䛸䛷䛒䜛䚹䛣䜜䛿䚸䝞䝸䜰ᒙ䛾ᮦᩱ䛸䛧䛶Mn㓟໬≀䜢᥇⏝䛩䜛䛸䛸䜒䛻䝞䝸䜰ᒙ䛾ሁ✚
䜢ཎ⌮ⓗ䛻䜹䝞䝺䞊䝆䛻ඃ䜜䜛໬Ꮫⓗሁ✚᪉ἲ䛻䜘䛳䛶䛚䛣䛺䛖䛣䛸䛻䜘䜚䚸䜹䝞䝺䞊䝆䛻㉳ᅉ䛩䜛ㅖၥ㢟䜢ゎỴ䛧䚸
༙ᑟయ䝕䝞䜲䝇䛾ᚤ⣽໬䜢㐍䜑䜛䛣䛸䛻⧅䛜䜛䜒䛾䛷䛒䜛䚹䛣䛾䜘䛖䛺┠ⓗ䜢㐩ᡂ䛩䜉䛟䚸ᮏ◊✲䛷䛿 Mn 䝥䝸䜹䞊䝃䛸
䛧䛶(EtCp)2Mn䜢㑅ᢤ䛩䜛䛸䛸䜒䛻䚸ᐇ㦂ึᮇ䛷䛿ᑠᅇ䜚䛾฼䛟䝏䝑䝥ᐇ㦂ᶵ䜢౑⏝䛧䚸CVD䝥䝻䝉䝇䛾ᴫせ䛜᫂䜙䛛䛻
䛺䛳䛶䛝䛯ẁ㝵䛷෌⌧ᛶ䛻ඃ䜜䜛 300 mm⿦⨨䛻⛣⾜䛧䛶Mn±CVD/ALDᡂ⭷ᐇ㦂䜢䛚䛣䛺䛳䛯䚹 
Mn±CVD 䛾ᇶᮏⓗ䛺≉㛗䜢ᢕᥱ䛩䜛䛯䜑䚸ᡭጞ䜑䛻䝤䝷䞁䜿䝑䝖䛾 TEOS䠄tetraethylorthosilicate䠅±SiO2ୗᆅ䛻ᑐ䛧
䛶ᡂ⭷ホ౯䜢䛚䛣䛺䛔䚸䝅䝸䜿䞊䝖䜢ྵ䜏Ⰻዲ䛺䝞䝸䜰ᛶ䜢᭷䛩䜛 Mnྵ᭷䝞䝸䜰⭷䠄MnOx䠅䛜㐃⥆ⷧ⭷䛸䛧䛶ᙧᡂ䛥䜜
䜛䛣䛸䜢☜ㄆ䛧䛯䚹䛭䛾୍᪉䛷䚸TEOS ➼䛾⤯⦕⭷䛿྾‵䛩䜛ഴྥ䛜䛒䜛䛣䛸䛛䜙䚸CVD 䝥䝻䝉䝇䛻୚䛘䜛ୗᆅ྾╔Ỉ
䛾ᙳ㡪䛻䛴䛔䛶ᐇ㦂䜢䛚䛣䛺䛳䛯䚹䛭䛾㐣⛬䛷䚸Mn±CVD䛿ᡂ⭷ึᮇ䛸䛭䜜௨㝆䛸䛷ᡂ⭷䛾䝯䜹䝙䝈䝮䛜␗䛺䜛䛣䛸䜢
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௨㝆䛻䛚䛔䛶䛿䚸MnOxⷧ⭷䛾⭷ཌቑຍ䛿ᑐᩘ๎䛻ᚑ䛖䛣䛸䜢᫂♧䛩䜛䛸䛸䜒䛻䚸Cu±Mn ྜ㔠䛾 PVD 䛻䜘䜛⮬ᕫᙧᡂ
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⏺ಁ㐍ຠᯝ䛻䜘䜛ⷧ⭷ᙧᡂ䛸䛺䜛䛣䛸䜢᫂䜙䛛䛻䛧䛯䚹
ୖ㏙ࡋࡓࡼ࠺࡟ࠊୗᆅࡢ྾╔ỈࡣMn±CVD࡟ᑐࡋ࡚኱ࡁ࡞ᙳ㡪ࢆཬࡰࡍࡇ࡜࠿ࡽࠊୗᆅ྾╔Ỉ䛾ᙳ㡪䜢ཷ䛡
䛺䛔ᡂ⭷䝥䝻䝉䝇䜢ᵓ⠏䛩䜛䛣䛸䜒㔜せ䛺ㄢ㢟䛾୍䛴䛷䛒䜛ࠋࡑࡇ࡛ࠊୗᆅ྾╔Ỉࢆ༑ศࢹ࢞ࢫࡋࡓᚋ࡟ࠊMn 䝥䝸
䜹䞊䝃䛾(EtCp)2Mn䛸཯ᛂ๣䛾H2O䛸䛾஺஫౪⤥䛻䜘䜛ALD䜢䛚䛣䛺䛖䛣䛸䛻䜘䜚䚸䛣䛾ㄢ㢟䜢ゎỴ䛩䜛䛣䛸䜢ヨ䜏䛯䚹
䜎䛪䚸䝤䝷䞁䜿䝑䝖䛾TEOS±SiO2ୗᆅ䛻ᑐ䛧䛶Mn±ALD䜢䛚䛣䛺䛔䚸䝅䝸䜿䞊䝖䜢ྵ䜐Mnྵ᭷䝞䝸䜰⭷䠄MnOx䠅䛜㐃⥆
ⷧ⭷䛸䛧䛶ᙧᡂ䛥䜜䜛䛣䛸䜢☜ㄆ䛧䛯䚹䛭䛾⭷ཌ䛿䚸ᅗ 1䛻䛚䛡䜛䕿༳䛾䝥䝻䝑䝖䛷♧䛥䜜䜛䜘䛖䛻䚸ୖ㏙䛾ᢏ⾡䝻䞊䝗䝬
䝑䝥䛜┠ᶆ䛸䛩䜛ᣑᩓ䝞䝸䜰⭷䛾⭷ཌ⠊ᅖ䠄0.5±1.7 nm䠅䛻䛚䛔䛶䜒䚸ALD䝃䜲䜽䝹ᩘ䛻䜘䜚⢭ᗘⰋ䛟ไᚚ䛷䛝䜛䛣䛸䜢ᐇ
ド䛧䛯䚹䛥䜙䛻Mn±ALDⷧ⭷䛿䚸ᅗ2䛻♧䛩䜘䛖䛻⭷ཌ1 nm௨ୖ䛻䛚䛔䛶Cuᣑᩓ䝞䝸䜰ᛶ䜢᭷䛩䜛䛣䛸䜢᫂䜙䛛䛻䛧
䛯䚹䛣䜜䜙䛾ホ౯䜢㏻䛨䛶䚸ୗᆅ䛾྾╔Ỉ䛻ᙳ㡪䛥䜜䛺䛔ᡂ⭷䝥䝻䝉䝇䜢 ALD䛻䜘䜚ᵓ⠏䛧ᚓ䜛䛣䛸䚸Mn±ALDⷧ⭷䛿
Cuᣑᩓ䝞䝸䜰⭷䛸䛧䛶䛾ᇶᮏⓗ䛺ᛶ㉁䜢᭷䛩䜛䛣䛸䜢ᐇド䛧䛯䚹 
ࢹࣗ࢔ࣝࢲ࣐ࢩࣥᵓ㐀࡛ࡣᒙ㛫⤯⦕⭷࡜ࡋ࡚ࠊ୺䛻 low±k⤯⦕⭷䛜⏝䛔䜙䜜䜛䚹䛭䛣䛷䚸TEOS±SiO2ୗᆅ䛸 low±k
⤯⦕⭷䛷䛒䜛OSG䠄organosilicate glass䠅±SiOCୗᆅ䛻ᑐ䛩䜛Mn±CVD/ALD䛾ᡂ⭷ᣲື䛾ᕪ␗䜢䚸⾲㠃䛾␯Ỉ䞉ぶỈᛶ䚸
䛚䜘䜃྾╔Ỉ䛾ᙳ㡪䛻╔┠䛧䚸䝤䝷䞁䜿䝑䝖ୗᆅ䛷ホ౯䛧䛯䚹䛭䛾⤖ᯝ䚸⾲㠃ᨵ㉁䜢䛧䛶䛔䛺䛔 low±k ⤯⦕⭷
䠄OSG±SiOC䠅䛻䛚䛔䛶䛿䚸CVD䚸ALD䛾䛔䛪䜜䛻䛚䛔䛶䜒MnOxⷧ⭷䛾ᡂ⭷㏿ᗘ䛜SiO2ୗᆅ䛾ሙྜ䛻ẚ䜉䛶ప䛔䛣
䛸䜢☜ㄆ䛧䛯䚹䛧䛛䛧䚸䝥䝷䝈䝬ฎ⌮䛺䛹䛾⾲㠃ᨵ㉁ฎ⌮䛻䜘䛳䛶ୗᆅ⾲㠃䛾␯Ỉᛶ䜢ᙅ䜑䜛䛣䛸䛻䜘䜚䚸low±k ⤯⦕⭷
䠄SiOC䠅䛻䛚䛔䛶䜒䚸Mn±CVD/ALDⷧ⭷䛜SiO2ୗᆅ䛾ሙྜ䛸ྠ⛬ᗘ䛾ᡂ⭷㏿ᗘ䛷ሁ✚䛧ᚓ䜛䛣䛸䜢ᐇド䛧䛯䚹ALD䛻
䛚䛡䜛䛣䛾䜘䛖䛺ᡂ⭷ഴྥ䜢䚸ୖ㏙䛾ᅗ 1䛻㔜䛽䛶♧䛩䚹䛣䛾ホ౯䜢㏻䛨䛶䚸low±k⤯⦕⭷䛻ᑐ䛩䜛⾲㠃ᨵ㉁ฎ⌮䛾㔜
ᅗ 1 ✀䚻䛾ୗᆅ⾲㠃䛻䛚䛡䜛䚸Mn±ALD⭷ཌ䛾ALD䝃䜲䜽䝹ᩘ౫Ꮡᛶ䚹
ୗᆅ䛾⾲㠃≧ែ䛜ぶỈᛶ䛻䛺䜛䛻䛴䜜䛶䚸ᡂ⭷㏿ᗘ䛜ୖ᪼䛩䜛䚹
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
0 10 20 30 40 50 60
M
nO
x
Th
ic
kn
es
s 
(n
m
)
Number of  ALD Cycles
on SiO2
on SiOC (as Etching)
on SiOC (with H-Radical treatment)
on SiOC (with plasma treatment)
Hydrophobic
More
hydrophilic
Surface
treatment
-1.2
-0.8
-0.4
0.0
0.4
0.0 0.5 1.0 1.5 2.0 2.5
V f
b
sh
ift
 (V
)
MnOx thickness (nm)
ᅗ 2 BTS༳ຍᚋ䛻C±V ᐃ䜢䛚䛣䛺䛳䛶ᚓ䜙䜜䛯䚸
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せᛶ䜢᫂䜙䛛䛻䛧䛯䚹୍᪉ࠊࢹࣗ࢔ࣝࢲ࣐ࢩࣥࡢࣦ࢕࢔࣮࣍ࣝᗏ㒊࡟ࡣୗᒙ㓄⥺ࡢ Cu ࡀ㟢ฟࡋ࡚࠸ࡿࡇ࡜࠿ࡽ䚸
Cuୗᆅ䛷䛾 Mn±CVD/ALD䛾ᡂ⭷ᣲື䛻䛴䛔䛶ホ౯䛩䜛䛸䛸䜒䛻䚸䛭䛾ᡂ⭷䝯䜹䝙䝈䝮䛻䛴䛔䛶⪃ᐹ䛧䛯䚹䛭䛾⤖ᯝ䚸
Mn±CVD䛷䛿䚸Cu⾲㠃䜈䛾MnOxሁ✚䚸Cuᒙ୰䜈䛾Mnᣑᩓ䚸Cu/SiO2⏺㠃䜈䛾Mn೫ᯒ䚸䛾୕䛴䛾⌧㇟䛜ྠ᫬䛻
㉳䛣䜛୍᪉䚸Mn±ALD䛷䛿䚸Cu⾲㠃䜈䛾MnOxሁ✚䛾䜏䛜㉳䛣䜚䚸Cuᒙ୰䜈䛾Mnᣑᩓ䛿䜏䜙䜜䛺䛔䛣䛸䜢᫂䜙䛛䛻
䛧䛯䚹䛥䜙䛻䚸Cu⾲㠃䛻ሁ✚䛧䛯Mn±CVD/ALD⭷䛿㐃⥆⭷䛸䛿䛺䜙䛪୙㐃⥆䛸䛺䜛䛣䛸䜢᫂䜙䛛䛻䛧䛯䚹䛣䛾䛣䛸䛿䚸䞂
䜱䜰ᗏ䛻䛚䛡䜛Cu㓄⥺䛜MnOx⭷䛻䜘䛳䛶ᑍ᩿䛥䜜䛺䛔䛣䛸䜢ព࿡䛩䜛䚹 
ᮏ◊✲䛾୺┠ⓗ䛷䛒䜛䜹䝞䝺䞊䝆䛻
䛴䛔䛶䛿䚸䝁䞁䝍䜽䝖䝩䞊䝹䝟䝍䞊䞁䛻
䛚䛔䛶Mn±CVD䛾Ⰻዲ䛺䜹䝞䝺䞊䝆䜢
☜ㄆ䛧䚸ᮏศ㔝䛻䛚䛔䛶໬Ꮫⓗሁ✚᪉
ἲ䜢㐺⏝䛩䜛᪉ྥᛶ䛜ṇ䛧䛔䛣䛸䜢᫂䜙
䛛䛻䛧䛯䚹⥆䛔䛶䚸䝕䝳䜰䝹䝎䝬䝅䞁䝟
䝍䞊䞁䜢⏝䛔䚸㟢ฟ䛧䛯✀䚻䛾⾲㠃䛻
ᑐ䛩䜛Mn±CVD䛾ୗᆅ౫Ꮡᛶ䛸Mn䛾
ศᕸ䛻䛴䛔䛶ホ౯䛧䛯䚹ᅗ 3䛿䚸䛭䛾⤖ᯝ䜢
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ᅗ 4 䞂䜱䜰᢬ᢠ䛻ᑐ䛩䜛䚸ALD䝃䜲䜽䝹ᩘ౫Ꮡᛶ䚹ALD䝃䜲䜽䝹ᩘ䛾
ቑຍ䛻క䛔䚸䞂䜱䜰᢬ᢠ䛾ቑຍ䛜ㄆ䜑䜙䜜䜛䚹
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Mnྵ᭷䝞䝸䜰⭷䠄MnOx䠅䛻䛚䛔䛶䛿䚸௨ୗ䛻♧䛩5䛴䛾ほⅬ䛛䜙䝅䝸䜿䞊䝖䜢ྵ䜐䛣䛸䛜ᮃ䜎䜜䜛䚹䛩䛺䜟䛱䚸䜰䝰
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MnOx䛸ᑡ㔞䛾Mn䝅䝸䜿䞊䝖䛾ᙧᡂ䛜Mn±CVD䛻䜘䛳䛶䛺䛥䜜䚸MnOx䛸ୗᆅ䛾 SiO2䛸䛾཯ᛂ䛻䜘䜛Mn䝅䝸䜿䞊䝖䛾
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䛧䚸㧗 䜋䛹㢧ⴭ䛷䛒䜛䛣䛸䜢♧䛧䛯䚹䛣䛾䜘䛖䛺⌧㇟䛿䚸ୗᆅ䛜 SiO2䛛 SiOC䛛䛻㛵䜟䜙䛪ྠᵝ䛷䛒䜛䛣䛸䜢☜ㄆ䛧䛯䚹
ALD 䛷ᡂ⭷䛧䛯 MnOx䛻䛴䛔䛶䜒ྠᵝ䛾ホ౯䜢䛚䛣䛺䛔䚸Mn 䝅䝸䜿䞊䝖䛾ᙧᡂ㐣⛬䛿 CVD 䛸ྠ䛨䛷䛒䜛୍᪉䚸
Mn±ALDⷧ⭷䛻ᑐ䛧䛶䝫䝇䝖䜰䝙䞊䝹䜢䛚䛣䛺䛳䛶䜒䚸MnOx䛸ୗᆅ䛾 SiO2䛸䛾཯ᛂ䛻䜘䜛䝅䝸䜿䞊䝖䛾ᙧᡂ䛿CVD䜋
䛹㐍⾜䛧䛺䛔䛣䛸䜢᫂䜙䛛䛻䛧䛯䚹䛥䜙䛻䚸䛣䜜䜙䛾䝫䝇䝖䜰䝙䞊䝹ᐇ㦂⤖ᯝ䛛䜙䚸CVD䛚䜘䜃ALD䛻䛚䛡䜛Mn䝅䝸䜿
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䛯䜒䛾䛛䚸䛾᪉䛜኱䛝䛔䛣䛸䜢᫂䜙䛛䛻䛧䛯䚹 
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䛯䚹 (1) Mnྵ᭷䝞䝸䜰⭷䛾䝇䝔䝑䝥䜹䝞䝺䞊䝆䛻ᑐ䛩䜛ᑗ᮶ᛶ䛸䚸వ๫Mnᅇ㑊䛾Ⅼ䛛䜙䚸CVDἲ䛸ALDἲ䛻฼Ⅼ䛜
䛒䜛䚹 (2) Mnྵ᭷䝞䝸䜰⭷䛻ᑐ䛩䜛⢭ᐦ䛺⭷ཌไᚚᛶ䛾Ⅼ䛛䜙䚸ALDἲ䛻฼Ⅼ䛜䛒䜛䚹 
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ึᮇ⭷ཌ䛿ୗᆅ䛾྾╔Ỉ䛻౫Ꮡ
э ⤯⦕⭷䛾྾‵⟶⌮䛸䚸
⢭ᐦ䛺Degasไᚚ䛜ᚲせ
≀⌮྾╔Ỉ䛾ᙳ㡪䜢ཷ䛡䛺䛔
䠄໬Ꮫ྾╔Ỉ䛾ᙳ㡪䛿ཷ䛡䜛䠅
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ୗᆅ⾲㠃䛜␯Ỉᛶ䛰䛸ሁ✚䛧䛻䛟䛔
э ⾲㠃ᨵ㉁ฎ⌮䛻䜘䜚ᨵၿ
Cuୖ
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